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1. Statement 

Novelty (N) Claims 21, 24, 27. 32 YES 

Claims 1-20. 22. 23. 25. 28-31 NO 

Inventive Step (IS) Claims 21, 24. 27. 32 YES 

Claims 1-20, 22. 23. 25. 28-31 NO 

Industrial Applicability (IA) Claims 1-32 YES 

Claims NONE NO 
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In case the space in any of the preceding boxes is not sufficient. 
Continuation of: 



V. 2. Citations and Explanations: 

Claims 1-20, 22, 23, 25, and 28-31 lack novelty under PCT Article 33(2) as being anticipated by Duncan (US 2003/0030497). 

Duncan disclosed an apparatus for frequency control of a resonator (4505), the resonator adapted to provide a first signal (fout) 
having a resonant frequency, the apparatus comprising an amplifier (4599) coupleable to the resonator, and a frequency controller 
(4535) coupled to the amplifier and coupleable to the resonator, the frequency controller adapted to modify (4520) the resonant 
frequency in response to at least one variables (M4); 

wherein the plurality of variables comprise temperature, fabrication process, voltage, and frequency (paragraph 0571); 

wherein the amplifier further comprises a negative transconductance amplifier (Ml, M2); 

wherein the frequency controller is further adapted to modify a current (I) through the negative transconductnace amplifier in 
response to temperature (4536); 

wherein the frequency controller further comprises a current source responsive to temperature (M6); 

wherein the current source has one or more configurations selected from a plurality of configurations, the plurality of 
configurations comprising (at least) CTAT, PTAT, and PTAT2 configurations; 

wherein the frequency controller is further adapted to modify a current (4522) through the negative transconductance amplifier to 
select the resonant frequency (selection is a stable resonant frequency); 

wherein the frequency controller is further adapted to modify a transconductance of the negative transconductance amplifier to 
select the resonant frequency (M3); 

wherein the frequency controller is further adapted to modify a current through the negative transconductance amplifier in 
response to a voltage (4533, a current depends on a capacitance); 

wherein the frequency controller is further adapted to modify a transconductance of the negative transconductance amplifier in 
response to fabrication process variation (4536, M3); 
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wherein the frequency controller is further adapted to modify a current through the negative transconductance amplifier in 
response to fabrication process variation (I); 

wherein the frequency controller further comprises a voltage isolator coupled to the resonator and adapted to substantially isolate 
the resonator from a voltage variation (substrate, 4522); 

wherein the voltage isolator comprises a current mirror (M3-M7); 

wherein the current mirror has a cascode configuration (M4-M7); 

wherein the resonator is one or more of the following resonators: an inductor and a capacitor configured to form an LC-tank 
resonator (L, C); and a ceramic resonator, a mechanical resonator, a microelectromechanical resonator, and a film bulk acoustic 
resonator; 

wherein the current source further comprises a first transistor (M4), a second transistor (M5) coupled to the first transistor (M4), 
a second transistor (M5) coupled to the first transistor, a diode (M6) coupled to the first transistor, and a resistor (R2) coupled the 
second transistor; 

wherein the current (I) provided by the current source is a function of a voltage across the diode and a resistance of the resistor; 

and 

wherein the voltage and the resistance are temperature dependent (paragraph 0547). 

Claims 21, 24, 26, 27, and 32 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest 
the transconductance and current modulation for resonant frequency control and selection as claimed. 

Claims 1-32 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed 
can be made or used in industry. 

NEW CITATIONS 

NONE 
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Figure 1 1 (or "FIG. 1 1") is a circuit diagram illustrating an exemplary 
first process variation compensation module in accordance with the teachings of the 
present invention. 

Figure 12 (or "FIG. 12") is a circuit diagram illustrating an exemplary 
5 second process variation compensation module in accordance with the teachings of the 
present invention. 

Figure 13 (or "FIG. 13") is a block diagram illustrating an exemplary 
frequency calibration module in accordance with the teachings of the present invention. 

Figure 14 (or "FIG. 14") is a block diagram illustrating an exemplary 
1 0 frequency divider, square wave generator, asynchronous frequency selector and glitch 
suppression module in accordance with the teachings of the present invention. 

Figure 15 (or "FIG. 15") (divided into FIGs. 15A and 15B) is a 
graphical diagram illustrating exemplary low latency frequency switching in 
accordance with the teachings of the present invention. 
1 5 Figure 16 (or "FIG. 16") is a block diagram illustrating an exemplary 

frequency divider in accordance with the teachings of the present invention. 

Figure 17 (or "FIG. 17") is a block diagram illustrating an exemplary 
power mode selection module in accordance with the teachings of the present 
invention. 

20 Figure 18 (or "FIG. 18") is a block diagram illustrating an exemplary 

synchronization module for a second oscillator in accordance with the teachings of the 
present invention. 

Figure 19 (or "FIG. 19") is a flow diagram illustrating an exemplary 
method in accordance with the teachings of the present invention. 

25 

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

While the present invention is susceptible of embodiment in many 
different forms, there are shown in the drawings and will be described herein in detail 
30 specific examples and embodiments thereof, with the understanding that the present 
disclosure is to be considered as an exemplification of the principles of the invention 
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variations which may be caused due to temperature and/or voltage fluctuations and 
fabrication process variations. 

Fifth, the clock generator and/or timing/frequency reference 100 
generates a significantly and comparatively high frequency, such as in the hundreds of 
5 MHz and GHz range, which is then divided to a plurality of lower frequencies. Each 
such division by "N" (a rational number, as a ratio of integers) results in a significant 
noise reduction, with phase noise reduced by N and noise power reduced by N 2 . As a 
consequence, the clock generator of the present invention results in significantly less 
jitter than available with other oscillators, such as ring oscillators. 

10 These features are illustrated in greater detail in Figure 2, which is a 

block diagram illustrating a first exemplary apparatus 200 embodiment in accordance 
with the teachings of the present invention. As illustrated in Figure 2, the apparatus 
200 is a clock generator and/or timing/frequency reference, providing one or more 
output signals, such as a clock or reference signal having any of a plurality of 

15 frequencies, selected using frequency selector 205. The apparatus (or clock generator) 
200 includes an oscillator 210 (having a resonant element), a frequency controller 215, 
a frequency divider 220, a mode selector 225, and the frequency selector 205 
mentioned above. In accordance with the invention, the oscillator 210 generates a 
signal having a comparatively high frequency,^. Due to PVT variations mentioned 

20 above, the frequency controller 2 1 5 is utilized to frequency select or tune the oscillator 
210, such that the oscillation frequency f 0 is selectable from a plurality of potential 
oscillation frequencies, Le. 9 the frequency controller 215 provides for output signals 
having frequencies which are accurate over PVT variations. 

For example, given these PVT variations, the output frequency from an 

25 oscillator, such as oscillator 210, may vary plus or minus 5%. For some applications, 
such as those utilizing ring oscillators, such frequency variability may be acceptable. 
In accordance with the present invention, however, greater accuracy for the clock 
generator 200 is desirable, particularly for more sensitive or complex applications, such 
as providing clock signals for integrated microprocessors, microcontrollers, digital 

30 signal processors, communication controllers, and so on. As a consequence, frequency 
controller 21 5 is utilized to adjust for these PVT variations, such that the output 
frequency from the oscillator is the selected or desired frequency^ with much less 
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fabricated integrally and monolithically with other circuitry, such as the second 
circuitry 180, and provides a distinct advantage of the present invention. 

In addition, the capacitance 440 illustrated in Figure 4 is only a portion 
of the overall capacitance involved in the resonance and frequency determination of the 
5 resonant LC tank 405, and is a fixed capacitance. In selected embodiments, this fixed 
capacitance may represent approximately 10% to 90% of the total capacitance 
ultimately utilized in the oscillator, as an example. As discussed in greater detail 
below, the overall capacitance is distributed, such that additional fixed and variable 
capacitance is selectively included within the clock generator and/or timing/frequency 
10 reference 300, and is provided, for example, by temperature-responsive frequency (f 0 
(T)) compensation module 420 and process variation compensation module 425, to 
provide for both selecting the resonant frequency f 0 and to allow the resonant frequency 
fo to be substantially independent of both temperature and process variations. 

In the selected embodiments, the inductance 435 has been fixed, but also 
1 5 could be implemented in a variable manner, or as a combination of fixed and variable 
inductances. As a consequence, those of skill in the art will recognize that the detailed 
discussions of fixed and variable capacitance, for both frequency tuning and 
temperature and process independence, pertain similarly to inductance choices. For 
example, different inductances could be switched in or out of the oscillator, to similarly 
20 provide tuning. In addition, a single inductor's inductance may also be modulated. As 
H a consequence, all such inductance and capacitance variations are within the scope of 

the present invention. 

Also as illustrated in Figure 4, the resonant LC tank 405 and resulting 
output signal, referred to as a first (output) signal at nodes or lines 470 and 475, is a 
25 differential signal and provides common-mode rejection. Other configurations, 

including non-differential or other single-ended configurations are also within the scope 
of the present invention. For example, in single-ended configurations, only one 
instantiation of the various modules (e.g., 485, 460) would be required, rather than the 
use of two for a balanced configuration as illustrated. Similarly, other components and 
30 features discussed below, such as frequency dividers, would also have a single-ended 
rather than differential configuration. In addition, various embodiments illustrated 
utilize MOSFET transistors in various forms (such as CMOS, AMOS, 
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M4) sizing should be jointly selected to provide for oscillation start up, to 
accommodate maximum currents for power consumption constraints, and to fit into the 
selected IC area and layout. For example, the transconductance g m may be selected to 
provide approximately sufficient current to ensure start up and sustain oscillation, with 
a frequency characteristic of decreasing frequency with increasing temperature, 
followed by sizing transistors Ml, M2, M3 and M4 to be large enough to either make 
the frequency independent of temperature or increasing with increasing temperature, 
followed by fine-tuning the frequency-temperature relationship with appropriate 
selection of I(T). In selected modeled embodiments, this has resulted in frequency 
accuracy of approximately ± 0.25% to 0.5 % over PVT, which may be more than 
sufficient for many applications. 

Referring again to Figure 4, additional compensation modules are also 
utilized to provide greater control and accuracy over the resonant frequency f 0 , such as 
for applications in which greater accuracy and less variance (or frequency drift) may be 
required, or where technologies do not allow the previous techniques to provide 
sufficient accuracy over PVT variations, such as to provide a frequency accuracy of 
approximately ± 0.25 % or better. In these circumstances, temperature-dependent (or 
temperature-responsive) frequency (fo (T)) compensation module 420 may be utilized, 
such as the exemplary temperature-responsive frequency (fo(T)) compensation module 
420. This module 420 may be implemented, for example, utilizing controllable 
capacitance modules 485, with each coupled to a respective side or rail of the resonant 
LC tank 405 (lines 470 and 475), and with each under common control, provided by a 
first plurality ("w") of switching coefficients (po though P( W -ij) (register 495) and a 
voltage controller (Vctrl) 480 providing a control voltage determined by a second 
plurality ("x") of switching coefficients (qo though q( x -jj) (register 455), with 
representative examples illustrated in Figures 9 and 10. 

Figure 9 is a circuit diagram illustrating an exemplary controllable 
capacitance module 635 in accordance with the teachings of the present invention, 
which may be utilized as the controllable capacitance modules 485 in the frequency- 
temperature compensation module 420 (and attached to each side of the resonant LC 
tank 405 (nodes or lines 470 and 475)). As illustrated, the controllable capacitance 
module 635 is comprised of a bank or array of a plurality (w) of switchable capacitive 
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combinations of coefficients, to provide a finer level of adjustment, resulting in a 
substantially and significantly flat frequency response as a function of varying ambient 
temperature. The first and second pluralities of coefficients are then loaded into 
respective registers 495 and 455 in all of the ICs fabricated in the selected processing 
5 run (or batch). Depending on the fabrication processing, under other circumstances, it 
is possible that for higher accuracy, each IC may be separately calibrated. As result, in 
conjunction with the temperature compensation provided by the negative 
transconductance amplifier 410 and I(T) generator 415, the overall frequency response 
of the clock generator is substantially independent of temperature fluctuations. 

1° As a consequence, the overall capacitance provided to the resonant LC 

tank 405 is distributed into a combination of fixed and variable portions, with the 
variable portions responsive to provide temperature compensation and, therefore, 
control over the resonant frequency f 0 . The more variable capacitance C v which is 
switched into the circuit (controlled capacitor module 635), the greater the response to 

1 5 fluctuations in ambient temperature. 

In addition to providing temperature compensation, it should be noted 
that a switched or controllable capacitance module 635 may also be utilized to select or 
tune the resonant frequency fo. 

Referring again to Figure 4, another compensation module is also 

20 utilized to provide greater control and accuracy over the resonant frequency f 0> also for 
applications in which greater accuracy and less variance (or frequency drift) may be 
required, such as to provide a frequency accuracy of approximately ± 0.25 % or better 
over PVT. In these circumstances, a process variation compensation module 425 may 
be utilized, to provide control over the resonant frequency^ independently of 

25 fabrication process variations, such as the exemplary modules illustrated in Figures 1 1 
and 12. 

Figure 1 1 is a circuit diagram illustrating an exemplary first process 
variation compensation module 760 in accordance with the teachings of the present 
invention. The first process variation compensation module 760 may be utilized as the 
30 process compensation modules 460 in Figure 4, with each module attached to a rail or 
side of the resonant LC tank 405 (lines 470 and 475). In addition, each first process 
variation compensation module 760 is controlled by a third plurality ("y") of switching 
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to include the corresponding fixed capacitance 750, and could be "blown" (open- 
circuited) to remove the corresponding fixed capacitance 750 from the resonant LC 
tank 405. 

Figure 12 is a circuit diagram illustrating an exemplary second process 
5 variation compensation module 860 in accordance with the teachings of the present 
invention. The second process variation compensation module 860 may be utilized as 
the process compensation modules 460 in Figure 4, with each module attached to a rail 
or side (lines 470 and 475) of the resonant LC tank 405, instead of modules 760. In 
addition, each second process variation compensation module 760 would also be 

10 controlled by a third plurality of switching coefficients r 0 though stored in register 
465. (Because of the different circuitry employed in each exemplary process variation 
compensation module 760 or 860, however, the corresponding third pluralities of 
switching coefficients r 0 though r^ J} would, of course, be different from each other.) 
It should be noted that Figure 12 provides a varactor illustration 

1 5 different from those utilized in other Figures, in which a varactor 850 is represented by 
a MOS transistor, rather than as a capacitor with an arrow through it. Those of skill in 
the art will recognize that varactors are often A-MOS or I-MOS transistors, or more 
generally MOS transistors, such as those illustrated in Figure 12, and configured by 
shorting the transistor's source and drain. As a consequence, the other illustrated 

20 varactors may be consider to include, as potential embodiments, the A-MOS or I-MOS 
transistors as configured as in Figure 12. In addition, the varactors 850 are also binary- 
weighted with respect to each other. 

The second process variation compensation module 860 has a similar 
structural concept, but additional notable differences from the first process variation 

25 compensation module 760. The second process variation compensation module 860 
provides an array or bank of a plurality of switchable variable capacitive modules 865, 
without MOS switches/transistors, and hence the losses or loading through the MOS 
transistors are eliminated. Instead, the load appears as a low loss capacitance; such low 
loss also implies that the oscillator start-up power is less. In the second process 

30 variation compensation module 860, a MOS varactor 850 is switched either to ground 
or the power rail (voltage V DD ), thereby providing either the minimum capacitance or 
the maximum capacitance to the resonant LC tank 405 based upon the varactor 850 
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geometry. For AMOS, switched to voltage V DD would provide minimum capacitance 
and switched to ground would provide maximum capacitance, while the opposite is the 
case for IMOS. Again, the second process variation compensation module 860 is 
comprised of an array of binary-weighted variable capacitances, as varactors 850, for 
5 adjustment and selection of the resonant frequency f 0 , by coupling a selected varactor 
850 to ground or V DD , through a corresponding V coefficient. 

As each capacitance branch is switched to ground or V D d» the 
corresponding variable capacitance is added to or not included in the total capacitance 
available for oscillation in the resonant LC tank, thereby modulating the resonant 

10 frequency. More particularly, for an A-MOS implementation, coupling to V DD (as V in ) 
provides lesser capacitance and coupling to ground (V m = 0) provides greater 
capacitance, with the opposite holding for an I-MOS implementation, in which 
coupling to V DD (as V in ) provides greater capacitance and coupling to ground (V in = 0) 
provides lesser capacitance, where it is assumed that the voltage on the rails of the LC 

15 tank (nodes or lines 470 and 475 of Figure 4) is between zero V and voltage V D d> and 
significantly or substantially far from either voltage level. The third plurality of 
switching coefficients r 0 though r^ I} is also determined post-fabrication using test ICs, 
also generally as an iterative process with the determinations of the first and second 
pluralities of switching coefficients. The determined "r" coefficients are then stored in 

20 the corresponding registers 465 of the ICs of that production or process batch. Again, 
individual ICs may also be calibrated and tested separately. 

It should also be noted that the illustrated embodiments for modules 
such as temperature compensator 315 (or 410 and 415) and process variation 
compensator 320 (or 425 and 460), such as those illustrated in Figures 6-12, may be 

25 utilized for other purposes. For example, the various illustrated embodiments for the 
compensator 315 (or 410 and 415) may be made dependent upon process variation, 
rather than temperature. Similarly, the various illustrated embodiments for the 
compensator 320 (or 425 and 460) may be made dependent upon temperature, rather 
than process variation. As a consequence, the embodiments for these and other 

30 modules should not be considered limited to the exemplary circuits and structures 

illustrated, as those of skill in the art will recognize additional and equivalent circuits 
and applications, all of which are within the scope of the invention. 
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Referring again to Figures 3 and 4, the clock generator and/or 
timing/frequency reference 300 may also include a frequency calibration module (325 
or 430). This frequency calibration module is the subject of a separate patent 
application, but its high-level functionality is described briefly below. Figure 13 is a 
high-level block diagram illustrating an exemplary frequency calibration module 900 
(which may be utilized as module 325 or 430) in accordance with the teachings of the 
present invention. The frequency calibration module 900 includes a digital frequency 
divider 910, a counter-based frequency detector 915, a digital pulse counter 905, and a 
calibration register 930 (which also may be utilized as register 465). Using a test IC, the 
output signal from the clock generator (200 or 300) is frequency divided (910) and 
compared with a known reference frequency 920 in frequency detector 915. 
Depending upon whether the clock generator (200 or 300) is fast or slow with respect 
to the reference, down or up pulses are provided to the pulse counter 905. Based upon 
those results, the third plurality of switching coefficients r 0 though r^iy is determined, 
and the clock generator (200 or 300) is calibrated to a selected reference frequency. 
Again, individual ICs may also be calibrated and tested separately. 

Referring again to Figures 2, 3 and 4, it will be appreciated by those of 
skill in the art that a highly accurate over PVT, low jitter, free-running and self- 
referenced oscillator has been described, providing a differential, substantially 
sinusoidal signal having a selectable and tunable resonant frequency,^, available at 
nodes 470 and 475. For many applications, this signal is sufficient, and may be utilized 
directly (and may be output on line 250 of Figure 2, or line 350 of Figure 3, or between 
the rails or lines 470 and 475 of Figure 4). For example, this signal may be utilized as a 
timing or frequency reference. In accordance with the present invention, additional 
applications are available, including clock generation (substantially square wave), 
frequency division, low-latency frequency switching, and mode selection, as described 
below. 

Figure 14 is a block diagram illustrating an exemplary frequency divider 
and square wave generator 1000, and an exemplary asynchronous frequency selector 
1050, with exemplary glitch suppression module 1080 in accordance with the teachings 
of the present invention. As indicated above, frequency divider and square wave 
generator 1000 may be included in or comprise modules 220 and/or 330, and frequency 
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selector 1050 (with or without glitch suppression module 1080) may be included in or 
comprise modules 205 and/or 335. 

Referring to Figure 14, the output signal from the oscillator, namely, a 
substantially sinusoidal signal having a frequency f 0 , such as output on line 250 of 
Figure 2, or line 350 of Figure 3, or between the rails or lines 470 and 475 of Figure 4, 
is input into frequency divider and square wave generator 1000. The frequency of this 
substantially sinusoidal signal is divided by any one or more arbitrary values "N" into 
"m" different frequencies (including^,, where appropriate), and converted to 
substantially square wave signals, resulting in a plurality of substantially square wave 
signals having m + 1 different available frequencies, output on lines or bus 1020 as 
frequencies^,//,^, through^,. Any of these substantially square wave signals having 
m + 1 different available frequencies are selectable asynchronously through exemplary 
asynchronous frequency selector 1050 which, as illustrated, may be embodied as a 
multiplexer. The selection of any of these substantially square wave signals having m 
+ 1 different available frequencies may be accomplished through the plurality of 
selection lines (S m through So) 1055, providing a substantially square wave signal 
having the selected frequency, output on line 1060. 

As part of asynchronous frequency selection, glitch suppression is also 
provided by glitch suppression module 1080, which may be embodied in a plurality of 
ways, including through the use of one or more exemplary D flip-flops ("DFFs") 
illustrated in Figure 14. A glitch could occur in an asynchronous frequency transition 
in which either a low state or a high state is not maintained for a sufficient period of 
time and may cause metastabiiity in circuitry which is driven by the output clock 
signal. For example, an asynchronous frequency transition could result in a low state at 
a first frequency transitioning into a high state at a second frequency, at a point where 
the high state is about to transition back to a low state at the second frequency, resulting 
in a voltage spike or glitch. To avoid potential glitches from being provided as part of 
an output clock signal, the selected substantially square wave signal (having the 
selected frequency) is provided on line 1060 to a first DFF 1065 which provides a 
holding state; if a glitch should occur, it will be held until a clock edge triggering the 
DFF. To avoid the glitch occurring at the clock edge, the DFFs may be clocked at less 
than the maximum available frequency, or one or more additional DFFs (such as DFF 
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synchronization, a pulsed-synchronization may also be provided, in which the clock 
generator and/or timing/frequency reference (100, 200 or 300) provides a pulsed 
output, and synchronization occurs during the interval of these pulses, as a 
synchronization interval. 
5 Figure 19 is a flow diagram illustrating an exemplary method in 

accordance with the teachings of the present invention, and provides a useful summary. 
The method begins with start step 1220, such as through clock generator and/or 
timing/frequency reference (100, 200 or 300) start-up. It should be noted that while 
illustrated in Figure 19 as consecutive steps, these steps may occur in any order, and 

1 0 generally may occur concurrently as the clock generator and/or timing/frequency 

reference (100, 200 or 300) operates. Referring to Figure 19, a resonant signal having a 
resonant frequency is generated, step 1225, such as through LC tank 405 or resonator 
3 10. The resonant frequency is adjusted in response to temperature, step 1230, such as 
through a temperature compensator 315, which adjusts current and frequency. The 

1 5 resonant frequency is adjusted in response to fabrication process variation, step 1235, 
such as through process variation compensator 320. The resonant signal having the 
resonant frequency is divided into a plurality of second signals having a corresponding 
plurality of frequencies, in which the plurality of frequencies are substantially equal to 
or lower than the resonant frequency, step 1240, such as through frequency divider 330 

20 or 1000). An output signal is selected from the plurality of second signals, step 1245, 
such as through frequency selector 335 or 1050, for example. Depending upon the 
selected embodiment or mode, the selected output signal may be provided directly, for 
example, as a reference signal. 

In other embodiments, such as when the output signal is a differential 

25 rather than single-ended signal, and when the resonant signal is a substantially 

sinusoidal signal, the method continues with converting the differential, substantially 
sinusoidal signal to a single-ended, substantially square wave signal having a 
substantially equal high and low duty cycle, as needed, step 1250, such as to generate a 
clock output signal using modules 330 or 1000, for example. An operating mode is 

30 also selected from a plurality of operating modes, step 1255, where the plurality of 
operating modes can be selected from a group comprising a clock mode, a timing and 
frequency reference mode, a power conservation mode, and a pulse mode, for example, 
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8. The apparatus of claim 3, wherein the frequency controller is further 

adapted to modify a transconductance of the negative transconductance amplifier to 
select the resonant frequency. 

5 9. The apparatus of claim 3, wherein the frequency controller is further 

adapted to modify a current through the negative transconductance amplifier in 
response to a voltage. 

10. The apparatus of claim 3, wherein the frequency controller is further 
10 adapted to modify a transconductance of the negative transconductance amplifier in 

response to fabrication process variation. 

1 1 . The apparatus of claim 3, wherein the frequency controller is further 
adapted to modify a current through the negative transconductance amplifier in 

1 5 response to fabrication process variation. 

12. The apparatus of claim 1, wherein the frequency controller further 
comprises a voltage isolator coupled to the resonator and adapted to substantially 
isolate the resonator from a voltage variation. 

20 

^ 13. The apparatus of claim 12, wherein the voltage isolator comprises a 

current mirror. 

14. The apparatus of claim 13, wherein the current mirror has a cascode 
25 configuration. 

15. The apparatus of claim 1, wherein the resonator is one or more of the 
following resonators: an inductor (L) and a capacitor (C) configured to form an LC- 
tank resonator; a ceramic resonator, a mechanical resonator, a microelectromechanical 

30 resonator, and a film bulk acoustic resonator. 
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